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Abstract 

Value stream maps are mainly used to trace the waste hidden in production processes. 
Customers are quite reluctant to pay for the amount of non-value adding operations in the 
production processes whereas manufacturers know very well that if only they achieve 
reducing the amount of waste in the processes they can be likely to deliver goods with high 
quality in a shorter time and with less cost.  Creating value stream maps require a detailed and 
tedious work but at the same time they serve as a basis for correcting the wrong operations 
and thereby help improving the process in a very effective manner. In this paper value stream 
analysis for producing an aluminium part used in air conditioning systems is displayed and 
explained.  

Introduction 

Value stream analysis is a process-mapping method commonly used for lean systems 
for a clear understanding of the sequence of activities used to make a product or services. One 
can use value stream analysis to identify non-value adding activities; demonstrate the sources; 
identify opportunities to increase efficiency; and develop a plan for implementing 
improvements. Value stream analysis is based on the idea that the firm consists of a sequence 
of activities, each of which is designed to add some value to the product or service as it moves 
towards the customer (Tidd & Bessant, 2009). As we all know that the production of goods or 
provision of services also bears certain costs. Firstly, of course, there are overheads that 
support the overall running of the business and there is also the cost of running the relevant 
activities at each stage. There is also a certain amount of waste associated with each activity 
which also adds cost in the form of unnecessary labor, time, space, etc. to the process. The 
key strength of value stream analysis is that it quickly focuses on where change is needed and 
presents opportunities for change. Another noted strength of value stream analysis is its 
versatility – it can be applied equally well to service as to production activities. Furthermore, 
the technique does not need to stop at the boundaries of the firm; it can easily extend beyond 
the firm back into the supply chain and down into the distribution network (Arbulu & 
Tommelein, 2002).  Its’ potential there is to highlight where unnecessary losses arise in 
weaknesses in relationships between firms – and where strategic targets for improvements lie.  

Value Stream Mapping (VSM) is a tool to support its associated analysis. VSM thus 
can be simply stated as the method by which the outcomes of Value Stream Analysis are 
depicted or illustrated (McManus & Millard, 2002). Value stream maps serve as a critical tool 
during the review process and can reveal substantial opportunities to reduce costs, improve 
production flow, save time, reduce inventory, and improve environmental performance. 
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Value stream maps, originally developed by Toyota Motor Corporation in the late 
1980s and depicted as “material and information flow maps,” are detailed diagrams showing 
the operations in the process of making a product (Womack & Jones, 1996; Rother & Shook, 
1999) . Value stream maps identify ways to get material and information to flow without 
interruption (Womack & Jones, 1996), improve productivity and competitiveness, and help 
people implement system rather than isolated process improvements. For over the years, 
value-stream maps were applied principally to manufacturing activities. But the recent 
developments have seen that its influence have gone outside the boundaries of manufacturing 
(Emilani & Stec, 2004) and Brunt (2000) has made an attempt to expand VSM across the 
whole supply chain from steel through steel service centre to first tier part manufacturers and 
following this trend green value stream maps are introduced to the literature recently since 
conventional value stream mapping overlooks environmental wastes, such as; energy, water, 
or raw materials used in excess of what is needed to meet consumer needs, pollutants and 
material wastes released into the environment such as air emissions, wastewater discharges, 
hazardous wastes, and solid wastes  (Green Suppliers Network, 2010). 

Value stream maps help us see waste that exists in business processes, where it is 
defined as an activity (Ohno, 1988) or behavior (Emiliani, 1998) that adds cost but does not 
add value. Eliminating waste focuses people’s efforts on the value creating activities that 
customers desire and are willing to pay for, and results in improved business processes, e.g. 
shorter lead-times, fewer defects and errors, and lower costs (Emiliani et al., 2003; Swank, 
2003). The classic seven wastes (Ohno, 1988), and an eighth waste more recently identified 
(Emiliani, 1998), are:  

(1) Overproduction: making more products than can be sold. 
(2) Waiting: operators or machines waiting. 
(3) Transportation: transporting parts. 
(4) Processing: processing itself. 
(5) Inventories: raw material, work-in-process, and finished goods. 
(6) Moving: operator and machine movement. 
(7) Defects: making defective products. 
(8) Behaviors: behaviors that do not add value. 
Value-stream maps are created by cross-functional teams who are directly involved in 

the process under consideration. There are two types of value-stream maps: “current state” 
and “future state”. As the name implies, “current-state” value-stream maps depict the current 
way in which material and information are processed. Importantly, until a current-state map is 
drawn, people are unaware of the large amount of waste that exists in a process as well as the 
existence of confusing information signals. Current-state value-stream maps show senior 
management that the reasons for poor competitiveness are not due to high labor costs, but 
instead due to an abundance of the first seven types of waste listed above. While the current 
state was created by teams at all levels of the organization trying to get work done the best 
way they know how it ultimately reflects a situation that maximizes the consumption of 
resources – human, financial, time, space, equipment, etc. Future-state value-stream maps 
depict a future condition that incorporates yet-to-be-made improvements. Team members, 
usually with the help of an outside facilitator, identify the improvements by questioning 
current paradigms and thinking creatively about how to improve the process.  

Lean businesses focus on the processes used by people to perform an activity, and 
separate value-added work from non-value added but necessary work and waste (Ohno, 1988). 
This helps ensure that favorable results can be easily repeated. If unfavorable results are 
encountered, then teams work to quickly discover the root cause of problems and apply 
countermeasures. The lean management system also focuses on improving the entire business 
system, rather than optimizing individual parts of the business. If an improvement is good only 



for one functional area but not good for the entire company or its customers, then the 
improvement is not undertaken. 

 Manufacturing Process of Aluminum By-pass Filter 

 This paper presents a study which explores the non-value adding activities of a 
manufacturing process and the possible alterations in the sequence of operations in such a 
way that the waste existing in the system is diminished to an acceptable level thus increases 
efficiency of the system.  

Aluminum by-pass filter profile (see Fig. 1) is used basically for the protection of 
filters in factories by keeping dust away. For it is desirable not to have any unwanted material 
such as dirt, burr etc. inside the unit the following precautions must be taken: 

• Nozzles should be closed such that no air will be allowed inside 
• Both ends of each profile should be closed with a plastic tap 
• Palettes on which profiles are mounted should be covered with stretching nylon  
When an order is placed for an aluminum by-pass filter profile customer representative 

at the marketing processes the order and relays the information to production planning 
department by means of an ERP program utilized in the company. Production planning issues 
work orders to the workshops again utilizing the same program.  
 

Value Stream Analysis of the Manufacturing Process 
 
  First of all we will explore the sub-processes in the system; namely casting, extrusion 
and mechanical works. The preceding process of casting billets is supplying aluminum ingots 
from suppliers abroad. The period is about 10 days for the shipment to arrive at the port near 
İzmit and it takes one and a half hours for the truck containing ingots to get to the factory. The 
incoming material is then unloaded and kept at the stock area until being used up. 
 
 Casting Process at Rolling Mill 
 Rolling mill is where the casting process in which the aluminum billets are produced 
takes place. Aluminum ingots which are imported are taken to rolling plant together with the 
excess of work-in-process material and scrap aluminum from mechanical shops because 
aluminum is a material which is recyclable 100%. Aluminum billets produced in the factory 
according to international standards in different sizes and different compositions. The billets 
produced for the manufacture of bypass filter profiles are in 6 inches and composite # 6600. 
 Aluminum ingots and other material from stocks and shops are loaded into charging 
car to be taken to the furnace. Three trips of the car are needed to fill up the furnace. The 
furnace is equipped with the gas rinsing system which flushes nitrogen gas to clean the 
aluminum material of all extraneous material. At certain times of this purification process the 
slag granules are pulled by a machine and disposed of. After the aluminum is homogenized 
which takes four hours the casting process finally starts when the furnace temperature reaches 
about 700-750 degrees (in Celsius). At this stage the degassing system eliminates the gases in 
the molten metal and the ceramic filter drains the left-over impurities within the melted 
aluminum. The moulds on the casting drum are heated during the melting process of 
aluminum. The molten metal is subjected to cold treatment while being poured down the 
moulds. After casting billets are taken to another furnace for 8-hour heat treatment and cooled 
for two hours. Thus homogenization operation is completed. Billets are mounted onto pallets 
after the ends of each billet are cut.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1- Value Stream Analysis of the Casting Process 
 

When data about the processes is evaluated on a diagram showing the value added 
activities with non-value added activities, it s seen clearly that almost two thirds of the 
process is considered waste which amounts to 68.76 % of the whole process time. Figures 
also show that only six of the seventeen operations actually add value to the product (see 
Table 2). The total processing time is 14.84 hours which is about 31 % of the process time. 

 
Casting Process Total Value Added Value Added (%) 

  Steps 17 6 32.29% 

  Time (hours) 47.51 14.84 31.24% 

    
Table 2-   Summary of the activities at Rolling Mill 

 

Step  
no Operations at the Rolling Mill 

Value-added 
steps 

Total time 
elapsed 

(minutes) 

Value added 
time 

1 Unloading of aluminum ingots from trucks  30  

2 Loading ingots to the charging car  45  

3 Moving ingots near  melting furnace  6  

4 Unloading ingots to melting furnace  15  

5 Slag removal from molten ingots 1 5 5 

6 Melting of aluminum ingots 2 240 240 

7 Casting of billets 3 45 45 

8 Moving billets near  softening furnace  45  

9 Waiting for homogenization  360  

10 Transferring billets to softening furnace   3  

11 Homogenization heat treatment of billets 4 480 480 

12 Moving billets to soaking pit  3  

13 Cooling  5 120 120 

14 Loading billets to jaw  3  

15 Cutting off the tips of billets 6 1 1 

16 Mounting billets onto pallets  10  

17 Warehousing  1440  



 Main reason for the waste lies in the fact that the amount of billets to be treated in the 
homogenization furnace is twice the amount of billets cast. Hence, the first lot waits for the 
second lot to catch up and therefore a waste of time occurs here.  
 
 Extrusion Lines 
 The billet that finished the casting process is placed on the shelf of the press. Extrusion 
die to be used in the operation is heated for four hours prior to stamping operation. After die is 
mounted at the end of this period billets are heated till the temperature reaches 480 degrees in 
25 minutes. The next operation is the stamping which results in aluminum billet taking the 
shape of the die. After being cooled aluminum profile is conveyed to the stretching trays 
where the profiles are straightened. The profiles are then cut to desired length which is usually 
six meters. Automated systems convey profiles to baskets which are then carried to the 
thermal furnaces via lifting cranes. Since each furnace is assigned only and solely to one 
extrusion line the heat treatment operation is postponed till the furnace reaches its full 
capacity which is 24 baskets of profiles. Profiles completing the heat treatment are kept in the 
furnace two more hours for cooling.  
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3-   Value Stream Analysis of the extrusion process 
 
Again the same type of problem is encountered here. The furnace cannot start its operation 
until its capacity is reached. The first lot must wait for the other lots which is truly a waste of 
time and money. That’s why the furnace works on 2 shifts while lines work 3 shifts per day. 
(see Table 4).  
 

Step  
no Operations at the Extrusion Lines 

value-added 
steps 

Total time 
elapsed 

(minutes) 

value-added 
time(min) 

1 Moving billets to press shelf  20  

2 Heating extrusion die  240  

3 Mounting extrusion die to the press  1  

4 Die-casting of aluminum profile 1 42 42 

5 Stretching of aluminum profile 2 3 3 

6 Cutting aluminum profile 3 1 1 

7 Moving profiles to baskets   1  

8 Moving baskets near  thermal furnace  5  

9 Waiting for thermal furnace to cool off  720  

10 Heat treatment of aluminum profile  4 480 480 

11 Cooling of profile in thermal furnace 5 120 120 

12 Taking profile out of  thermal furnace  5  



 

Extrusion Process 

 

Total 

 

Value Added 

 

Value Added (%) 

  Steps 12 5 41.67% 

  Time (hours) 25.33 8.8 34.74% 

 
Table 4- Summary of the activities in extrusion process 

 
 As you can see from the table it is clear that the capacity problem of furnace 
operations undertakes the responsibility of the waste in this process too. Just like the previous 
process the non-value adding activities accounts for about two thirds of the whole process 
time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1-   Aluminum by-pass filter profile 
 
Mechanical Operations 

 The last process is mechanical operations where the numerically controlled equipment 
has been extensively used. First the profiles are cut in required lengths and when the batch 
size is reached the whole lot is taken to CNC machine for lathe operation (chamfering). Since 
the serial flow is not achieved the lot is sent to the NC machine for bending operation. After 
bending operation is completed the lot is taken to another CNC machine for drilling two holes 
on the surface of the profiles. Finally nozzles and aluminum elbow nipple are mounted by a 
welding operation (see Table 5). 
 
 
 



Table 5-   Value Stream Analysis of activities at Mechanics Shop 
Step 
no Operations at the Mechanics Shop Value-added 

steps 
Total Elapsed 

time (min) 

Value-added 
time(min) 

1 Moving profiles to mechanics area  5  

2 Cutting profile in design length 1 0.04 0.05 

3 Storing profiles in the basket  2  

4 Moving profile to CNC machine  3  

5 Chamfering operation at CNC  2 0.5 0.5 

6 Storing profile in basket  20  

7 Moving profiles of billets  3  

8 Drawing reference line onto profile 3 0.5 0.5 

9 Bending profiles 4 0.5 0.5 

10 Storing profiles in basket   25  

11 Moving profiles to CNC machine  3  

12 Drilling holes  on profile for  nozzles  5 0.5 0.5 

13 Storing the profiles in basket  25   

14 Moving profiles to welding area  3  

15 Welding elbow and  nozzles onto profile 6 3 3 

16 Storing the profiles in basket  150  

17 Moving profiles to washing   3  

18 Washing inner section of profile  2  

19 Storing the washed profiles in basket  100  

20 Moving profiles to packaging  3  

21 Placing profile into shrink machine  0.05  

22 Mounting of shrink bags onto nozzles 7 0.1 0.1 

23 Wrinkling of shrink bags under heat 8 0.05 0.05 

24 Capping plastic covers on the ends  9 0.05 0.05 

25 Placing profiles into pallet  25  

26  Covering pallet with stretch nylon 10 5 5 

27 Moving pallets to shipping area  3  



  The striking fact is that for only one-fifth of an hour’s work profiles spend six and a 
half hours in mechanical operations. That is equivalent to nearly 2.5 per cent of the time spent 
in the process. A clear majority of operations (97.47 %) would not add value to the product 
and there is an enormous amount of waste in the process (see Table 6).   
  

Mechanical Process Total Value Added Value Added (%) 

  Steps 27 10 37.03% 

  Time (hours) 6.32 0.17 2.53% 

                 
Table 6- Summary of the activities at Mechanics Shop  

 
  Mechanical operations have all the disadvantages of the batch production logic. There 
is no flow on the basis of lean principles. All operations are carried out on a batch principle. 
The profiles are accumulated in a basket and once all is processed batch is taken to the next 
operation area. This is pure waste; moving all profiles together instead of a one-piece at a time 
flow. Without changing this mode of operation there is not much to reduce the huge amount 
of waste in these operations. A change in the process is urgently needed here. 
 

Overall Process 
 There is a value stream map for the present state of the system showing significant 
processes starting from the supplier’s plant (see Fig. 2).  This map illustrates that it is almost 
50 days from the supplier’s plant to the customers stocks in (see Table 7). 
   

        

Overall Process                             

 

Value added 
steps 

  

Total time 
elapsed (hrs)        

 

Value Added 
Time 

Shipment of ingots (to port)  240  

Transportation from port  1,5  

Rolling Mill 6 47.51 14.84 

Extrusion Lines 5 25.33 8.8 

Mechanics Shop 10 6.32 0.17 

Warehouse   720  

Shipment  168  

 
                               Table 7-   Overall Process (value added operations shown in bold) 

 One interesting fact lies here that it takes just over 3 days to complete the 
overall manufacturing process although total processing time takes no more than 24 hours. 
The rest is simply waste. If partly finished pieces have to wait in a queue before they can be 
processed, this is waste of time. If there is too much distance between machines, or if the parts 
have to travel a long way between activities due to bad layout, there is wasted time and space. 



Fig 2- Value Stream Map: Present State  
 

Fig 3- Value Stream Map: Future State  
 
 
 



Future State 
The last step is to search for the possible ways to reduce this huge waste. The outcome 

of the study is a future state map showing means to reduce waste. The waste originates from 
two main reasons: capacity of furnaces and waiting time due to batch mode of operation.  
First problem is solved by the addition of another cell with melting furnace in casting process 
and a new automated transport system for carrying profiles to the thermal furnaces by the help 
of an ERP program. Second problem is solved by the installation of separate assembly lines of 
different mechanical operations to provide a one-piece flow of profiles. (see Fig. 3). There is a 
substantial amount of reduction in non-value added time. Work in process inventory is 
drastically reduced at every stage of manufacturing process. The overall in-house operations 
are estimated to reduce the total lead time to 30.11 hours after the improvements made as 
compared to the 69.56 hours before the change. 

  
Conclusion  

 
 Value Stream Analysis has a potential strength which makes it convenient to see the 
process under examination as a whole. Identifying the waste in the sequence of operations and 
the inefficiencies in the system is explored in this way very effectively. VSM is an ideal tool 
to expose the wastes in value stream and identify improvement areas. In this case study 
production a part is investigated and it is illustrated very clearly that a lot of improvements 
areas are found with the help of current state map. Current state map and future state map 
were prepared and analyzed to highlight the benefits of a lean system. Current state map 
revealed that there is a huge waste in terms of high lead time, cycle time and excessive work-
in-process inventory. Future state was prepared after proposing some changes in the process 
to reduce different wastes.  
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